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Background: Validation of the effectiveness of the Osteoporosis Self-Assessment Tool for Asians (OSTA) in
identifying elderly males at increased risk of primary osteoporosis has been seldom reported in China.
Methods: A cross-sectional study was conducted to assess the performance of the OSTA in 245 healthy
males aged 50 years for routine bone mineral density (BMD) scanning by dual-energy X-ray absorp-
tiometry. The ability of OSTA to discriminate low BMD as deﬁned by a T score  2.5 at different sites
(femoral neck, total hip, and lumbar spine) was evaluated using receiver operating characteristic (ROC)
curve analysis. ROC curves were generated to determine the optimal cutoff points, sensitivity, speciﬁcity,
and areas under the ROC curves.
Results: Of the study participants, 14% had osteoporosis, and the prevalence of osteoporosis increased
progressively with age. The area under the ROC curves of the OSTA index to identify osteoporosis in the
femoral neck site was 0.712 (p < 0.0001). The sensitivity and speciﬁcity of the optimal OSTA index
(cutoff ¼ 1) to identify osteoporosis based on femoral neck BMD in all males were 84% and 49%,
respectively. The sensitivity of OSTA increased with age, whereas its speciﬁcity decreased with age.
Sensitivity and speciﬁcity values of 70% and 68%, respectively, were obtained in 50-year-old to 69-year-
old males.
Conclusion: The OSTA index may be a useful tool for identifying primary osteoporosis as deﬁned by dual-
energy X-ray absorptiometry at the femoral neck site in males aged 50 years, especially in males aged
<70 years.
Copyright © 2015, Taiwan Society of Geriatric Emergency & Critical Care Medicine. Published by Elsevier
Taiwan LLC. All rights reserved.1. Introduction
With progressive aging of populations, osteoporosis has rapidly
become a growing global health concern because of its age-
associated, exponentially increasing prevalence, morbidity, mor-
tality, and costs1. Osteoporosis, which ultimately leads to fragility
fractures not only among postmenopausal women2,3, but elderly
men as well, represents one of the major burdens to society and
healthcare systems in Asian countries, especially China, which is
the largest developing country with the biggest population.clare that they have no con-
hopaedics, Beijing Friendship
5#, Xicheng District, Beijing
.
tric Emergency & Critical Care MeIt is projected that 20% of men aged 50 years will experience
an osteoporosis-related fracture in their lifetime4, and there will be
as many hip fractures worldwide in men by the year 20405, as was
seen in women in the year 2000. Of all fragility fractures, hip
fractures contribute to the greatest morbidity, as well as mortality,
both of which are greater in men than in women6. However,
osteoporosis continues to be an under-recognized and under-
estimated problem in male populations in China. The majority of
men, even in the presence of fragility fractures, still did not accept
bone mineral density (BMD) and any reasonable pharmacotherapy.
It is therefore very important to identify elderlymale populations at
risk of developing osteoporosis and to prevent the occurrence of
the ﬁrst fracture.
Currently, measuring BMD using dual-energy X-ray absorpti-
ometry (DXA) is widely accepted as the gold standard of osteopo-
rosis diagnosis, and DXA BMD levels are strongly related to fracture
risk in men7,8. Unfortunately, DXA is not widely available in most
developing countries including China, because the DXA machinedicine. Published by Elsevier Taiwan LLC. All rights reserved.
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several machines in some large third-tier general hospitals in Bei-
jing, but there are no DXA machines in many cities in China. An
ideal simple screening tool to identify elderly male populations
especially among healthy asymptomatic patients at risk for osteo-
porosis requiring DXA measurements has become very important
in China.
Increased age and low body weight are strongly associated with
low BMD and with increased fracture risk9e12. The Osteoporosis
Self-Assessment Tool for Asians (OSTA), which is based on age and
body weight, has been found to be an effective and simple tool with
high sensitivity and acceptable speciﬁcity for the identiﬁcation of
elderly women at risk of osteoporosis in previous studies12e17.
Furthermore, relatively few screening studies about the OSTA
tool17e19 have been performed that showed the potential value of
OSTA for helping clinicians stratify the risk of low BMD in men. The
use of OSTA should be validated in different populations and
different nationalities. However, the effectiveness of OSTA in
identifying elderly males at increased risk of primary osteoporosis
has been seldom reported in China.
Therefore, we aimed to assess and validate the effectiveness of
OSTA as a screening tool for identifying men aged 50 years at
increased risk of primary osteoporosis in a large selected Han
Chinese population in Beijing.2. Materials and methods
2.1. Study population
This investigation was designed as a cross-sectional study. The
study population included consecutive elderly Chinese males aged
50 years recruited from the DXA BMD examination room at the
Beijing Friendship Hospital from September 2010 to December
2012. The participants included only healthy males who came to
the hospital for health examinations and routine DXA BMD scan-
ning. The inclusion and exclusion criteria are listed in Table 1.
Participants with abnormal biochemistry, including tests for renal
and liver function, serum calcium, phosphate, total alkaline phos-
phatase, and thyroid-stimulating hormone, were also excluded.Table 1
Inclusion and exclusion criteria used for this study.
Inclusion criteria Exclusion criteria
Men aged 50 y A history or evidence of metabolic bone disease (e.g.,
type I diabetes, hyper- or hypoparathyroidism,
Paget's disease, osteomalacia, renal osteodystrophy,
osteogenesis imperfecta)
Han Chinese nationality Evidence of rheumatoid arthritis
Residency in Beijing for
20 y
History of organ transplantation
Willingness to
participate in the
study
The presence of cancer(s) with known metastasis to
bone
Ability to read informed
consent form
A long history of smoking or alcohol consumption
Ability to provide
informed consent
Evidence of signiﬁcant renal impairment
Previous fracture or replacement of both hips
The presence of a prolonged immobility condition
(e.g., spinal cord injury, Parkinson's disease, stroke,
muscular dystrophy, ankylosing spondylitis)
Symptomatic fragility fractures (e.g., vertebral
fracture, hip fracture, distal radius fracture)
Prior use of an antiresorptive (e.g., bisphosphonate,
androgen, and calcitonin) or anabolic agent [e.g.,
ﬂuoride and parathormone (PTH)]The study was approved by the Ethics Committee of Beijing
Friendship Hospital, Capital Medical University, and all participants
had signed the informed consent.
2.2. BMD measurements
All men were invited to the DXA BMD examination room at Bei-
jing FriendshipHospital for BMDmeasurements of thehip and spine.
The participants were asked to ﬁll out a questionnaire by a trained
interviewer to provide demographic information and clinical risk
factors for osteoporosis by referring to a structured table20, including
fragility fracture history, parental history of hip fracture, glucocor-
ticoid treatment history (>5 mg prednisolone/d for 3 months),
smoking, alcohol consumption, rheumatoid arthritis history, other
secondary causes of osteoporosis mentioned in the exclusion
criteria, andmedical treatmenthistory. Heightwasmeasuredusinga
stadiometer. Weight was measured without shoes in light indoor
clothing using an electronic balance scale (accuracy 0.1 kg).
The BMD, expressed in g/cm2, was measured using of the
Hologic Discovery QDR Wi densitometer (Hologic, Inc., Bedford,
MA, USA) on the lumbar spine (L1eL4) and left femur (femoral
neck, trochanter, Ward's triangle, and total hip). The in vivo short-
term reproducibility values for the machine for elderly males at
the lumbar spine, femoral neck, and total hip were all <1%. The
mean values from young Chinese males21 were used to calculate
the T scores: L1eL4 BMD 1.017 ± 0.117 g/cm2, femoral neck
0.909 ± 0.116 g/cm2, and total hip BMD 0.993 ± 0.121 g/cm2. All DXA
measurements were performed by an experienced technologist.
2.3. OSTA
The OSTA13 was calculated based on age and body weight using
the following formula: [body weight (kg) e age (years)]  0.2.
The decimal digits were then disregarded, as described in the
original report13. For example, a 78-year-old man whose body
weight was 45 kg would have an OSTA index of: (45 e
78)  0.2 ¼ 6.6. The decimal digit (0.6) was then disregarded, and
the OSTA index was equal to the integer 6.
2.4. Statistical analysis
Osteoporosis is deﬁned arbitrarily when any T score (lumbar
spine, femoral neck, or total hip) is2.5 standard deviations or less,
according to the World Health Organization criteria. In this study,
the characteristics of the OSTA risk index were examined at a T
score cutoff of 2.5 (osteoporosis), and the T scores at individual
BMD sites were used as outcome variables. The ability of OSTA to
discriminate low BMD as deﬁned by a T score 2.5 was evaluated
using receiver operating characteristic (ROC) curve analysis, which
plots sensitivity against (1 e speciﬁcity). The area under the curve
(AUC), calculated using logistic regression, was used to compare the
diagnostic performance of the two tests; AUC could distinguish
between nonpredictive (AUC < 0.5), less predictive (0.5 < AUC<
0.7), moderately predictive (0.7 < AUC< 0.9), highly predictive
(0.9 < AUC< 1), and perfect prediction (AUC ¼ 1)22,23. The pre-
planned analysis was based on femoral neck BMD as in the original
OSTA report, however, results for lumbar spine BMD or total hip
BMD are also presented. Sensitivity was deﬁned as the proportion
of men with osteoporosis (T scores  2.5) that tested positive
(OSTA  optimal cutoff value), and speciﬁcity was deﬁned as the
proportion of men without osteoporosis who tested normal
(OSTA > optimal cutoff value). The ROC curve was constructed, and
the AUC and its 95% conﬁdence interval (CI) were estimated using
the SPSS statistical software 13.0 (SPSS, Inc., Chicago, IL, USA) and
MedCalc v11.5.0.0 software (MedCalc Software bvba, Acacialaan 22,
Fig. 1. Distribution of study patients according to their Osteoporosis Self-Assessment
Tool for Asians (OSTA) risk index.
Effectiveness of OSTA in Identifying Osteoporosis 738400 Ostend, Belgium). A p value <0.05 was considered statistically
signiﬁcant.
3. Results
A total of 245 consecutive participants were analyzed. The
characteristics of the study population are summarized in Table 2.
The average age of the men in the study was 65 years (range,
50e89 years). Overall, the proportions of participants found to have
osteoporosis based on femoral neck BMD T scores  2.5, total hip
BMD T scores  2.5, and lumbar spine (L1eL4) BMD T
scores  2.5 were 10.20%, 4.90%, and 4.08%, respectively. The
mean body weight and mean body mass index were 72 kg and
25 kg/m2, respectively.
Based on the World Health Organization criteria, the prevalence
of osteoporosis (femoral neck, total hip, or spine BMD T
score  2.5) was 10.3% for ages 50e59 years (8 of 78), 11.3% for
ages 60e69 years (9 of 80), 15.9% for ages 70e79 years (11 of 69),
and 38.9% for ages 80 years (7 of 18). The prevalence of osteo-
porosis increased progressively with age. The OSTA index varied
between 7 and 9, and the percent distribution of the men ac-
cording to the OSTA index is shown in Fig. 1.
3.1. Validation of OSTA in studied elderly males
There was an intermediate and signiﬁcantly positive correlation
between the OSTA index values and the BMD T scores in the overall
cohort at two sites (femoral neck: r ¼ 0.359, p ¼ 0.000; total hip:
r ¼ 0.273, p ¼ 0.000), and no signiﬁcantly positive correlation be-
tween the OSTA index values and the BMD T score at L1eL4 site
(r¼ 0.008, p¼ 0.905). Fig. 2 shows the distribution of T scores at the
femoral neck, total hip, and L1eL4 lumbar spine by the OSTA index
values.Table 2
Summary of descriptive characteristics of the study cohort (n ¼ 245).
Characteristics Mean or value Range
Age (y) 65.17 ± 9.29 50 to 89
Age group
50e59 y 78 (31.84) 50 to 59
60e69 y 80 (32.65) 60 to 69
70e79 y 69 (28.16) 70 to 79
80 y 18 (7.35) 80 to 89
Height (cm) 170.67 ± 5.24 156 to 183
Weight (kg) 71.75 ± 10.05 50 to 102
Body mass index (kg/m2) 24.60 ± 3.04 15.78 to 33.69
BMD (g/cm2)
L1eL4 0.96 ± 0.16 0.496 to 1.560
Femoral neck 0.77 ± 1.32 0.517 to 1.378
Total hip 0.89 ± 1.14 0.515 to 1.465
T score
L1eL4 T score 0.45 ± 1.40 4.0 to 4.7
Femoral neck T score 1.16 ± 1.14 3.4 to 4.0
Total hip T score 0.85 ± 1.13 3.7 to 3.9
WHO diagnostic categoriesa
Normal 84/245 (34.29)
Osteopenia 126/245 (51.43)
Osteoporosis 35/245 (14.29)
T score  2.5
L1eL4 10/245 (4.08)
Femoral neck 25/245 (10.20)
Total hip 12/245 (4.90)
History of fragility fracture 41/245 (16.73)
OSTA score 1.20 ± 2.75 7 to 9
Data are presented as n (%) or mean ± SD.
BMD¼ bonemineral density; OSTA¼ Osteoporosis Self-Assessment Tool for Asians;
SD ¼ standard deviation; WHO ¼World Health Organization.
a The lowest BMD T score at the lumbar spine, femoral neck, or total hip was
considered.The area under the ROC curve for the OSTA index for the femoral
neck, total hip, and L1eL4 lumbar spine in the overall cohort were
0.712 (p < 0.0001), 0.658 (p ¼ 0.058), and 0.535 (p ¼ 0.744),
respectively. Furthermore, the optimal index cutoff of 1 provided a
sensitivity of 84% and a speciﬁcity of 49%. The sensitivity of OSTA
increased with the cutoff value, whereas its speciﬁcity decreased
with the cutoff value (Fig. 3). Therefore, participants with an OSTA
index 1 were classiﬁed as the increased-risk group, and those
with an index >1 were classiﬁed as the low-risk group.
As reported in detail in Table 3, we found that among the 245
participants who presented for routine screenings, the presence of
osteoporosis as deﬁned by DXA at the femoral neck site was found
in 16% and 4% of individuals in the increased-risk group and low-
risk group, respectively. Furthermore, the sensitivity and speci-
ﬁcity of the OSTA index for detecting osteoporosis were calculated
for the overall population and by age groups. Among themales who
came for routine screening, the sensitivity was 84% (21/25; 95% CI,
63.0e94.7), and the speciﬁcity 49% (107/220; 95% CI, 41.9e55.4).
The data analyzed by age groups showed that sensitivity increased
with age, whereas speciﬁcity decreased with age.4. Discussion
Simple noninvasive diagnostic tools, such the OSTA, for detect-
ing primary osteoporosis in elderly males are very important,
particularly in places such as China, where DXA technology is not
widespread. In this study, the use of the OSTA tool was found to
have high sensitivity and acceptable speciﬁcity for identifying pri-
mary osteoporosis in the male population in Beijing.
We investigated the value of the OSTA tool for healthy men for
BMD routine scanning in 245 Chinese Hanmen aged50 years; the
mean age was 65 years and the prevalence of osteoporosis was
quite high in our study population (14.3%), highlighting the need
for dependable screening tools for the identiﬁcation of men at risk
for osteoporosis. An important point of this study is the high pro-
portion of males aged 50e69 years (64.5%), because several au-
thorities (including those in China) recommend that BMD testing
be performed in all men aged > 70 years regardless of additional
risk factors24,25. The decision-aid screening tools are especially
needed for the men aged < 70 years.
Compared to the majority of previous studies, this study had
several strengths. First, our study was not retrospective. Healthy
men for health examinations and DXA routine scanning were
selected in this study. All of the participants' weights and heights
were measured at the same time as the BMD measurements.
Fig. 2. Distribution of T scores by Osteoporosis Self-Assessment Tool for Asians (OSTA) index value. The horizontal line demarcates a T score of 2.5.
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Fig. 3. (A) AUC and (B) sensitivity and speciﬁcity values of the OSTA for the diagnosis of osteoporosis (T  2.5) using BMDmeasurement at the femoral neck site. AUC ¼ area under
the curve; BMD ¼ bone mineral density; OSTA ¼ Osteoporosis Self-Assessment Tool for Asians.
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the effects of secondary osteoporosis, different nationalities, and
any antiresorptives/anabolic agents. All elderly men were Beijing
citizens with long-term residency in Beijing. Third, we analyzed the
value of OSTA for identifying osteoporosis based on different age
groups.
This study analyzed the correlation between the OSTA index and
BMD T scores at different sites. The results indicated a signiﬁcant
correlation between OSTA and femoral neck and total hip T scores,
but not between OSTA and lumbar spine T score (Fig. 2). The
prevalence of osteoporosis in the femoral neck and hip is high in
comparison to the spine (Table 2). These results likely reﬂect the
fact that the spine BMD is often increased by degenerative changes
in the healthy elderly male. Furthermore, a signiﬁcant area under
the ROC curve was found at the femoral neck site (Fig. 3). An index
cutoff of 1 provided high sensitivity (84%) and acceptable speciﬁcity
(49%) for identifying individuals with a BMD T score  2.5 at the
femoral neck site. The sensitivity value was similar to previously
reported data (79e85%)26e28, better than that obtained by
Machado et al19 and Ghazi et al29 (73% and 64%, respectively), and
lower than that reported by Adler et al18 and Lynn et al30 (93% andTable 3
Distribution of clinical index based on femoral neck (FN) BMD in this study.
Group OSTA Value FN BMD
T  2.5 T > 2.5
All ages High risk (1) 21 113
Low risk (>1) 4 107
Total 25 220
50e69 y High risk (1) 7 47
Low risk (>1) 3 101
Total 10 148
70e89 y High risk (1) 14 66
Low risk (>1) 1 6
Total 15 72
BMD ¼ bone mineral density; CI ¼ conﬁdence interval; OSTA ¼ Osteoporosis Self-Asses91%, respectively). The speciﬁcity value was similar to that in
Hochberg et al's26 report (51%), better than Lynn et al's30 result
(36%), and lower than previously reported data (60e66%)18,27e29.
Different cutoff values varying from1 to 3 may be appropriate for
different countries and/or ethnic origins18,19,26e30. For a safe and
noninvasive screening tool such as OSTA, more importance has to
be given to sensitivity rather than speciﬁcity because there is no
risk of harm to the patient from unnecessary treatment or invasive
diagnostic testing in the case of a false-positive result from the
OSTA. Of course, speciﬁcity must be contained at reasonable levels
in order to reduce unnecessary testing and costs for the community
and the patient. Similar to most previous studies, the OSTA tool
with high sensitivity and acceptable speciﬁcity in this study seems
to be useful in men aged 50 years. Referring only high-risk males
could potentially enhance resource use efﬁciency. BMD measure-
ments in low-risk males can be avoided and proper medical care in
high-risk males encouraged.
Furthermore, our data also showed that the OSTA could identify
elderly males at low risk of osteoporosis for whom DXA testing was
unnecessary. The negative predictive value (NPV) was 96.4% (107/
111) in the overall population and 97.1% (101/104) in 50-year-old toTotal Sensitivity Speciﬁcity
% 95% CI % 95% CI
134 84.0 63.0e94.7 48.6 41.9e55.4
111
245
54 70.0 35.4e91.9 68.2 60.0e75.5
104
158
80 93.3 66.0e99.7 8.3 3.4e17.9
7
87
sment Tool for Asians.
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only 86% among males aged 70 years. Therefore, we can recom-
mend that high-risk males aged <70 years be referred for OSTA
index, whereas all males aged 70 years be referred for BMD
measurement owing to the high prevalence of osteoporosis and
poor speciﬁcity and NPV among males in this age group.
The present study has several limitations. First, because the
healthy males were recruited from a general hospital, the OSTA tool
might perform differently in a general community. The population
structure of our study may be different from the actual de-
mographic situation in Beijing, which could impact the generaliz-
ability of these data. However, the clinical performance of OSTAwas
analyzed by age group, and our conclusions were based on this
analysis. Second, self-selection of volunteers biased our population
sample toward higher levels of education and income. Third, our
results should be conﬁrmed in other cohorts.
5. Conclusion
In summary, the present study showed that in Han Chinese men
aged 50 years in Beijing, the OSTA index may be a simple and
effective clinical risk assessment tool for identifying the risk of
primary osteoporosis as deﬁned by DXA at the femoral neck site.
Given the simplicity and validity of the OSTA index and the beneﬁts
shown in our study, we can recommend it as an important
screening tool for osteoporosis in elderly males, especially men
<70 years of age.
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